This paper examines the determinants of functional income distribution in West Germany. The approach is to estimate a complete system of factor share equations for low-skilled labor, high-skilled labor, capital, energy, and materials, taking account of biased technological progress and increasing trade-orientation. Technological progress is found to reduce the share of low-skilled labor and to raise the share of high-skilled labor. The effect of technology bias on the two labor shares is enhanced by substitution of intermediate inputs for lowskilled labor, which is almost absent in the case of high-skilled labor. Trade-induced changes in the composition of aggregate output tend to mitigate these effects, due to the relatively favorable export performance of low-skill intensive industries. The year-to-year variation in the low-skilled share can be attributed to input prices, biased technological progress, and trade-induced structural change in the proportion 19:77:4. For high-skilled labor and capital, the output composition effect of trade contributes about one percent. The results are robust across several specifications examined.
I. Introduction
Functional income distribution in Germany, as in other industrialized countries, has undergone considerable changes over the last decades. From the mid-1970s to have been examined mainly with respect to the United States, where wages are highly flexible. Europe and, especially, Germany are characterized by more centralized wage setting and relatively rigid wages. In these circumstances, the effect of increased trade on income distribution may work through unemployment of the corresponding factors (Krugman 1995) , rather than through factor price changes. Second, globalization may induce a change in the composition of aggregate output, altering aggregate factor intensities and, hence, functional distribution. As a case in point, increased openness has been discussed as an explanation for 'deindustrialization' in industrialized economies (Saeger 1997) . Third, there may be trade-induced substitution of intermediate inputs for capital or labor, a phenomenon which has been explained in terms of trade-induced specialization of production stages (Burda and Dluhosch 2002) . Such processes of 'fragmentation' may not only involve domestic intermediates, but also imported intermediate products.
There are several related papers for West Germany. Fitzenberger (1999) examines trends in prices, total factor productivity, wages and employment. Using as a frame of reference a Heckscher-Ohlin-Samuelson (HOS) framework amended by nonneutral technological progress and rigid wages (Davis 1998) , he finds that import competition jointly with wage rigidity has contributed to the increase in low-skilled unemployment in West Germany, 1970 Germany, -1990 . Estimating a system of wage and employment equations, Neven and Wyplosz (1999) also find some evidence for import competition hurting the labor market position of low-skilled workers. Since their data imply that import prices declined most for skill-intensive industries, this finding is not consistent with a simple HOS view, but implies that a more complicated process of restructuring must have taken place. Finally, estimating labor demand by skill groups, Kölling and Schank (2002) find that the West German skill structure is mainly determined by wages, whereas skill-biased technological change and international trade had only minor impacts.
In contrast to these studies which examine the relationship between trade, technology, and the skill structure, Falk and Koebel (2001) focus on the substitution pattern between capital, materials, and different types of labor in German manufacturing, but neglect the influences of technological progress and trade. They find, in particular, that a part of the shift away from unskilled labor is due to a substitution of materials for unskilled labor.
In contrast to the aforementioned papers, the present study aims at a comprehensive assessment of the impacts of technological progress, international trade, and substitution patterns among all inputs, not just different skill categories of labor. Our approach is to estimate a complete system of factor share equations for low-skilled labor, high-skilled labor, capital, energy, and materials in West Germany. Our approach of including the complete set of inputs allows not only to account for interactions among factor shares due to substitution processes. It also avoids specification bias, in the sense that omitting certain inputs may imply biased estimates of substitution possibilities even within the set of inputs actually included. 4 The paper is organized as follows. Section II describes the model and methodological strategy as well as the data. Section III reports the estimation results and discusses their implications for the substitutability of the various inputs as well as the relative contributions of input prices, biased technological progress, and trade to the development of the factor shares. Section IV concludes.
II. Methodology and data

A. The model
Our point of departure is a cost function for aggregate gross output Q 5 : where p 1 ,..., p n denote input prices, and T and S are shift parameters representing time (state of technology) and structure (output composition), respectively. The presence of S indicates that the cost of producing aggregate output Q may depend on the composition of Q in terms of different goods (production sectors).
The composition of Q may be influenced, in particular, by trade, due to the principle of comparative advantage. Since different goods have different input structures, trade may thus affect the demand for the various inputs and the corresponding income shares via changes in the composition of output. In addition, trade may affect input demand via changes in the level of output, as can be seen from the accounting identity Q = D + EX -IM (where D stands for domestic demand and comprises intermediate demand, consumption, investment, and government expenditures).
A generic feature of any cost function is linear homogeneity in the input prices.
4 See Frondel and Schmidt (2002) for a discussion in a different context. 5 Gross output includes GDP and intermediates.
Moreover, we assume linear homogeneity in Q. Choosing a translog specification for F(.) and denoting unit costs by c, the unit cost function can be stated as Linear homogeneity in input prices requires the following regularity conditions:
It is well known that for any proper unit cost function the share of factor i, s i , is given by
We thus obtain from eq. (2):
Assuming perfect competition, cost equals revenue, and the cost shares in eq. (4) correspond to revenue shares.
It is common to refer to the parameters β i as distribution parameters and to β ij as substitution parameters (Christensen, Jorgenson and Lau 1973) . The distribution parameters measure the 'autonomous' revenue shares irrespective of input price changes, technological progress, and structural change. The substitution parameters measure how the autonomous shares change in response to input prices, via factor substitution. The substitution parameters are the basis for computing the elasticities of substitution between the various inputs (see Subsection D). They are assumed to be symmetric (β ij = β ji ). The parameters β iT measure the technology bias or non-neutral technological progress 6 , and β iS the
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The expressions technology bias and non-neutral technological progress will be used interchangeably. Biased or non-neutral technological progress will be called 'factor using' if it increases the respective factor share, and 'factor saving' if it reduces the share. It must be acknowledged, however, that a time trend may reflect more than just technical change but will also capture the impact of any omission that is correlated with time (omitted variables, false functional form, non-constant returns to scale etc.). More direct measures of the level of technology (computer equipment, R&D effort) have been suggested by Berman, Bound, and Machin (1998) . 7 With respect to the former, it should be noted that time is included in absolute, not in logarithmic form. This choice is made for ease of interpretation: β iT measures the autonomous year-to-year change in s i . We checked formulations in which time is included in logarithmic form and found that this modification did not affect our main conclusions. output composition bias.
7 Due to the presence of the technology bias and the output composition bias, the restrictions (3) are not sufficient to ensure adding-up of the share equations. For adding-up, the additional restrictions 0 = = ∑ ∑ i iS i iT β β are required. The generic form of share equations as given in (4) is applied to a technology involving the following inputs: L = low-skilled labor, H = high-skilled labor, K = capital, E = energy, and M = materials. Since a major purpose of the paper is to identify the impact of trade on income distribution via changes in output composition, S is captured by economy-wide total (real) imports and exports relative to GDP (IM/GDP, EX/GDP). In several versions to be estimated we will include imports and exports jointly ('openness').
B. Estimation procedure
In order to estimate the equation system (4), we specify additive disturbances u i . Since the factor shares sum to unity at each observation, the corresponding disturbance terms sum to zero, and the disturbance covariance matrix is singular. In these circumstances, it is common to delete one equation from the system of share equations. We delete the M share equation, impose the homogeneity restrictions (3), and estimate the following system of share equations: for i = L, H, K, E with cross-equation symmetry imposed. The parameters which do not appear in (5) are recovered from the homogeneity and symmetry restrictions.
In order to ensure that the estimation results do not depend on which equation is deleted, we estimate the equation system (5) using the method of Iterated Three Stage Least Squares (see Berndt 1991 for a discussion in the present context). The
instruments used are the lagged input quantities (in addition to the explanatory variables), where the lagged value of the first observation is obtained by solving backward a simple autoregressive model. This method also accounts for possible endogeneity of regressors. 
C. Decomposition procedure
We wish to attribute changes in factor shares to various driving forces, especially input prices, technological progress, and trade. Let βˆdenote estimates of the β 's. Then equation (4) 
9 See any elementary statistics textbook.
10 More precisely, the Morishima elasticity of substitution between input i and input j is defined as follows:
contributions of the factor substitution, technological progress, and trade effects to the variation in factor shares in such a way that short-term (year-to-year) fluctuations -which may smooth out in the longer term -are captured in a comprehensive way. This can be achieved by using a variance decomposition:
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The variance terms on the right hand side measure the contributions -in absolute terms -of various driving forces to the variation in factor shares. The non-negativity of variances allows to compute meaningful percentage contributions to the overall variation. The covariance terms represent interaction effects which cannot be attributed to any single driving forces.
Below we will apply both of these ways of assessing the determinants of changes in factor shares. Each of these methods focuses on different aspects of changes in cost shares.
D. Measuring substitutability
In order to measure the degree of substitutability between any two inputs we use the Morishima elasticity of substitution (MES). The MES measures the negative percentage change in the ratio of input i to input j when the price of input i alters.
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It can be written as where η ii and η ji denote the own price elasticity of input i and the cross price elasticity of input j with respect to the price of input i.
It has been forcefully argued by Blackorby and Russell (1989) that the MES is a natural generalization of the two-factor elasticity of substitution to the case of more than two inputs. Especially, the MES is a meaningful measure of the ease of substitution among any pair of inputs, whereas the usually employed Allen elasticity
of substitution (AES) may fail to indicate the ease of substitution. A natural property of the MES is asymmetry. Input j is a Morishima substitute (complement) for input i if
MES
In the translog framework, the Morishima elasticities take the following form:
as can be computed from eq. (9), using the formulas for η ii and η ji given in Berndt (1991) .
E. Data
Our data set consists of aggregate time series of the West German production sector, 1976-1994. Our choice to employ an aggregate rather than a sectoral framework of analysis is based on data availability: We wish to estimate a factor demand system in which labor is differentiated by skill category to test whether different skills display different substitutability/complementarity relationships with capital, materials and energy. Appropriate data by skill group are available only at an aggregate level.
11 The time period 1976-1994 is also dictated by data availability. After 1994, official statistics contain data only for unified Germany; no separate data for West Germany are provided any more. For the time before 1976 we have no data on the different skill-levels of labor.
Our data are taken from various sources. The basic data category are the factor shares in the base year, which are taken from the national accounts of the Federal Statistical Office (Statistisches Bundesamt 1994) . The base year shares are updated by using rates of change of prices and quantities. Data on employed labor by skill category (low, high) are taken from the Education Accounts (Bildungsgesamtrechnung) as presented in Reinberg and Hummel (1999) . The skill categories reflect levels of formal education. High-skilled labor comprises persons with a technical college or university degree, whereas low-skilled labor comprises all others. Since representative wages by formal education level are unavailable,
11 There do exist studies which use sectoral data for differentiated labor (Fitzenberger 1999 , Falk and Koebel 2001 , Geishecker 2002 ), but they refer only to manufacturing. In this paper we are interested in general income distribution. Therefore, neglecting the non-manufacturing sectors (especially services) -for which no differentiated labor data are available -would be inappropriate.
they are proxied by wages for blue-collar and white-collar workers, taken from the Federal Statistical Office's online service (printed version is Fachserie 16: Löhne und Gehälter). 12 The required data on capital (prices and quantities) are taken from OECD (1996) and the data on energy from the annual reports of the Council of Economic Experts (Sachverständigenrat zur Begutachtung der gesamtwirtschaftlichen Entwicklung). Prices and quantities of materials are constructed from accounting relationships between the aforementioned variables (adding-up of factor shares) jointly with additional information from input-output accounting.
Our data base provides us with 76 independent observations (4 independent factor shares times 19 years). Our central estimating equations (see Section III.A) contain 28 parameters, of which only 22 are independent, due to 6 cross-equation symmetry constraints (see Subsection A). We thus estimate 22 parameters from 76 observations.
For reference below, Table 1 presents the factor shares and corresponding price indices for selected years. These data reveal, especially, the decline of the low-skilled share and the increase of the high-skilled share, as well as the fact that the low-skilled wage exhibited the strongest increase relative to the other inputs. 
III. Empirical results
A. Basic estimation results
We estimated several versions of the model presented in (5). The results are presented in Table 2 .
13 Version A includes the price terms only. We find that 15 out of the 20 coefficients are significant at the 5 percent level or better. Augmenting this version by the non-neutral technological progress terms (version B) yields a positive but insignificant estimate of the progress coefficient in the capital equation, a significant positive estimate in the high-skill equation, and significant negative estimates of the progress coefficients in the low-skill and energy equations. Whereas the t-values of several coefficients get improved in the energy equation several of the t-values in other equations get reduced. By switching from version A to version B, the adjusted R-squared improves substantially in all equations except for the high-skill equation.
In version C (not shown) we add the trade variables to the previously included regressors. It turns out that both the import and the export variable are insignificant in all equations. In addition, technological progress becomes insignificant in the low-skill equation, and the t-values of the progress coefficients in the high-skill and energy equation get reduced (but remain significant). It can therefore be conjectured that the specification C may be plagued with considerable multicollinearity problems.
Multicollinearity may exist especially between trade (imports and exports) and technology, or between imports and exports. We first address the former possibility. In version D (not shown) technological progress is deleted in order to check whether this leads to significance of the trade variables. It turns out that this is not the case, except for β M,IM which becomes almost significant. In order to check whether the problems stem from multicollinearity among imports and exports, we include the sum of imports and exports (as a fraction of GDP) -being an overall measure of 'openness' -rather than both variables separately.
If openness (denoted by O) and technological progress are included jointly (version E) openness is insignificant in all equations. In version F, technological progress is deleted, i.e. only prices and openness are included. It is revealing that 13 We also estimated versions which include dummy variables to account for possible structural breaks in the early 1990s in connection with the German unification. We found no evidence that the unification had an impact on West German factor shares. in this case openness becomes significant in all equations except for the high-skillequation. We are thus left with the conclusion that a serious multicollinearity problem exists not only between imports and exports, but also between imports and exports considered jointly (openness) and biased technological progress. Overall, as evidenced by versions B and F, biased technological progress and increasing openness both have an effect on most of the factor shares, but multicollinearity prevents these effects from being identified jointly, as attempted in version E. If technological progress is omitted, as in version F, openness takes over the part of technological progress, and the openness coefficients take on the signs of the progress coefficients.
Upon closer inspection of version E we find that the coefficients on openness are insignificantly negative in the capital and high-skill equations, and insignificantly positive in the low-skill and energy equations. There are other insignificant parameters as well. Especially, progress is insignificant in the capital equation. Moreover, several of the insignificant estimates with identical sign are of a similar magnitude, suggesting that they may in fact be equal.
Based on the latter consideration, we choose the strategy of imposing additional equality constraints on version E. More specifically, we impose the restrictions ,
and .
HT KT β β = This yields version G. The estimation results for this version are very satisfactory in that a substantial improvement (over version E) in t-values occurs.
14 Only the own-price coefficients in the capital equation and in the low-skill equation remain strongly insignificant. We fine-tune this version by dropping these two coefficients (version H). In this version, all coefficients of the complete system are significant at conventional confidence levels.
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Regression H is our preferred model. 16 It will be used especially to assess the contribution to factor share changes of factor substitution, technological change, and trade effects (see Subsection D). To check for robustness with respect to the constraints imposed we will complement these assessments by additional ones based on regressions E and G.
The most important conclusions to be drawn at this point are the following: The factor shares of capital and high-skilled labor as well as materials are subject 14 The equality constraints are acceptable on the basis of Wald tests. 15 Openness in the capital and high-skill equations is significant at the 7.10 percent level. 16 We tested for overidentification using the J-statistic. As a result, the set of instruments is uncorrelated with the error terms, that is, the instruments are exogenous. to factor using technological progress, whereas the shares of low-skilled labor and energy are driven by factor saving technological progress. In contrast to progress, openness biases factor shares to the disadvantage of capital and high-skilled labor as well as materials and to the advantage of low-skilled labor and energy.
These results are fairly robust qualitatively across the specifications E, G, and H. Some of the results concerning the pattern of the openness bias are unexpected and warrant some discussion. This discussion is postponed until Subsection C because it involves the interaction between trade and factor substitution. Factor substitution will now be addressed. Considering the first row, we find that low-skilled labor can be substituted by all other inputs, especially energy and materials. This is all the more important in explaining the declining income share of low-skilled labor because, over the period considered, the low-skilled wage grew by a factor of 1.34 relative to the energy price and by a factor of 1.21 relative to the price of materials (see Table 1 ). Since MES LE is strongly above unity, the substitution of energy for low-skilled labor is strong enough to dominate the increase in the low-skilled wage and, hence, likely played a role in the decline of the low-skilled share. 17 The same applies to the substitution of materials for low-skilled labor, even though to a smaller extent.
B. Factor substitution
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The situation is different for high-skilled labor (second row). High skilled labor cannot be substituted by any other input except energy 19 , and the substitution elasticity vis-a-vis energy is below unity. Thus, even though the high-skilled wage grew by a factor of 1.31 relative to the energy price, substitution of energy for high-skilled labor is not pronounced enough to hurt the high-skill share.
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As evidenced in the third row, capital can be substituted by all other inputs, but only relative to materials is the substitution elasticity above unity. Since the user cost of capital grew by a factor of 1.11 relative to the price of materials, substitution of materials for capital took place and had an adverse effect on the capital share.
Since we are interested mainly in the distribution of income (value-added), not in factor shares in general, we will not discuss the fourth and the fifth rows in depth. 21 Turning to a column-wise analysis and considering the first column, we find that low-skilled labor could -technologically -substitute capital and materials, but not high-skilled labor and energy. However, the former possibilities are irrelevant because the low-skilled wage grew stronger than the prices of capital and materials. High-skilled labor (second column) is able to substitute -to some degree -all other inputs except energy, whereas capital (third column) can substitute low-skilled labor and especially materials. The latter (technological) possibility is not relevant, given the evolution of the prices (see Table 1 ), but a substitution of capital for lowskilled labor did occur, even though it did not hurt the low-skilled share (due to the elasticity being below unity).
C. Discussion
We will now discuss our findings from Subsection A concerning the effects of increased openness on factor shares. Especially, the result that increased openness raises the share of low-skilled labor may be seen as being in contrast to previous findings (Fitzenberger 1999, Neven and Wyplosz 1999) and needs some clarification.
In order to understand this and related results, it is useful to differentiate the overall impact of trade on factor shares (or likewise factor demand) into (a) an effect relating to trade-induced changes in the composition of aggregate output (due to comparative advantage) and (b) an effect relating to the substitution of imported inputs for domestic inputs (due to input price differences). Our result relates only to issue (a), and additional evidence will be cited in support of this result. With respect to issue (b), this effect may in fact have worked to the disadvantage of low-skilled labor, but cannot be identified from our data. The overall effect may have been negative.
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With respect to issue (a) we are, unfortunately, unable to differentiate the effect of trade into separate effects of imports and exports. From a conceptual point of view, it can be said that a positive effect of increased openness on the shares of low-skilled labor and of energy would be consistent with low-skill intensive or energy intensive industries displaying relatively high export growth. Likewise, it would be consistent with these industries facing a low (or decreasing) degree of import competition. The converse applies in the case of the negative effects of openness on the shares of capital, high-skilled labor, and materials, i.e. the industries which are intensive with respect to these inputs should be characterized by relatively low export growth or increasing import competition, or both. 22 Previous studies which found that trade has an adverse effect on low-skilled labor in West Germany (Fitzenberger 1999, Neven and Wyplosz 1999) were unable to differentiate between these partial effects because their scope was confined to different types of labor (and possibly capital). In the current study, both of these issues are addressed jointly, especially by including intermediate inputs (energy and materials).
From an empirical point of view, our finding concerning the negative impact of openness on the share of high-skilled labor is indeed consistent with the fact that West German import prices declined most for skill-intensive industries (Neven and Wyplosz 1999) , implying increasing import competition for high-skilled labor. An observation consistent with increasing import competition for high-skilled labor is the fact that the share of high-technology products in German imports increased over the period 1980-1994 from 43.1 to 53.6 percent (Heitger, Schrader and Stehn 1999) .
Given the (almost) steady increase of the German trade surplus 23 , it would be inappropriate to focus exclusively on the import side. With respect to the relationship between factor intensities and export growth, we can refer to a companion paper (Welsch 2004 ) which presents the results of a regression exercise involving 26 manufacturing industries for which data on the skill structure of labor are available.
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These regressions show that export growth has been higher in low-skill intensive industries than in high-skill intensive industries. In addition, export growth is positively related to intensity with respect to intermediate inputs (materials and energy) and capital. The question arises how this phenomenon can be explained. In Subsection A we found evidence of low-skill-saving technological progress. This obviously contributed to reducing production costs in low-skill intensive industries. In addition, in Subsection B we found evidence of a substitution away from expensive low-skilled labor towards, especially, materials and energy. This reduced production costs further. As a consequence, the competitiveness of low-skill intensive industries rose and, via this channel, increased openness benefited low-skilled labor. This does not, however, imply that the overall effect of openness on lowskilled labor was favorable, since the intermediate inputs which were substituted for low-skilled labor include (an unknown fraction of) imported intermediates.
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In contrast to low-skilled labor, high-skilled labor is hardly prone to substitution 23 The EX/GDP ratio grew by a factor of 1.6 in 1976-1994 , whereas IM / GDP grew by a factor of 1.4. 24 These are the industries examined by Falk and Koebel (2001) . 25 See Falk and Koebel (2001) for a similar argument. Since the substitution of intermediate inputs for low-skilled labor may involve imported intermediates, low skilled labor may have been hurt by openness via this channel, but not via the impact of openness on the composition of aggregate output. This issue is discussed in the following Subsection.
by less expensive inputs (see Table 3 ), and technological progress is high-skill using rather than high-skill saving. Thus, even though the growth of high-skilled wages was slightly less than the growth of low-skilled wages (see Table 1 ), highskill intensive industries may have lost in competitiveness, relative to low-skill intensive industries, and may thus have benefited less from increased access to world markets.
As concerns capital, its price rose less than the two types of wages. In addition, the Morishima elasticities of capital (Table 3) suggest that some substitution of materials for capital took place, raising the competitiveness of capital-intensive industries. This explains why these industries also had a relatively favorable export performance, as pointed out above. However, given that the price of capital increased relatively slowly, this effect was apparently not strong enough to have an impact on the income share of capital. In other words, the fact that capital intensive industries had a favorable export performance is not in contradiction with our result that increased openness affected the income share of capital negatively.
D. Weighting the roles of prices, technology, and trade
We now proceed by decomposing the variation in factor shares into their various components. The decomposition actually carried out slightly deviates from the decomposition described in (7) in so far as we cannot differentiate the effect of increasing trade orientation into an import-related and an export-related effect and must content ourselves with an overall openness effect.
We first consider the longer-term changes in factor intensities according to equation (7), as presented in Table 4 .
We see that except for capital the estimated factor shares are not very sensitive to the models considered (letters E, G, and H refer to the models introduced in Table 2 ). Moreover, all models agree in that substitution reduced the share of both low-skilled and high-skilled labor as well as capital and raised the share of intermediates, while the share of energy was practically unaffected by substitution processes. With respect to all inputs the bulk of the factor share changes comes from technological progress. Trade-related changes in output composition played a minor role.
If we consider the short-term variation and its composition along the lines of equation (8), we obtain the results shown in Table 5 . In this table, the interaction Again, the three models do not differ fundamentally in the role they attribute to the various driving forces. We will focus on the mean across the various models.
The probably most outstanding result is that trade-induced structural change generally plays a minor role, which, however, tends to be larger for the intermediate inputs than for the primary inputs. Among the primary inputs, low-skilled labor is more affected by trade than are high-skilled labor and capital. The dominating influence on the shares of the intermediate inputs comes from substitution, whereas technology bias (progress) is of lesser importance. The converse is true for lowskilled labor and capital, whereas the contributions of substitution and progress to the variation of the high-skill share are almost equal.
The result that trade-induced structural change plays only a minor role for primary factor shares is consistent with findings that even in the United States changes in the industrial structure -irrespective of their cause (trade or other) -account only for a small fraction (16 percent) of changes in the structure of labor demand (Murphy and Welch 1993) . On the other hand, a relatively large role played by technology bias is necessary for explaining rising skill-intensity in the face of rising skill-prices (see Gottschalk and Smeeding 1997) .
With respect to the substitution component, a few more specific comments may be instructive. The contribution of this component is relatively large in the case of high-skilled labor and smaller in the cases of low-skilled labor and capital. One reason for the small contributions of substitution in the cases of low-skilled 26 labor and capital is that the own-price effects are very low in the case of these two inputs, i.e. the effects on the respective factor shares of changes in the two corresponding prices are just offset by induced quantity changes in the opposite direction. The most important price-related impact on the low-skill share comes from the price of energy, whereas the impact of the materials price on the lowskilled share are much smaller. For capital, the most important price-related driver is the price of low-skilled labor, i.e. the increase in the low-skilled wage led to a substitution of capital for low-skilled labor, resulting in an increase of the capital share. Similarly, the share of high-skilled labor also benefited from a substitution of high-skilled labor for low-skilled labor, but the dominating price-related influence on the high-skill share is the change (increase) in the high-skill wage (own-price effect), which is far from being compensated by induced quantity changes, due to the low degree of substitutability of high-skilled labor.
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An open question is, to what extent the substitution of intermediates for lowskilled labor comprises imported intermediates. As mentioned above, the impact of the energy price on the low-skilled share is stronger than the impact of the materials price. In fact, given our estimates of the degrees of substitutability, the most important intermediate substitute for low-skilled labor is energy. Moreover, it is likely that low-skilled labor was mainly substituted by electricity (automatization of production processes), rather than by fuels. This view is also consistent with the result that the capital share benefited from the increase in the low-skilled wage: automatization mainly encompasses the substitution of capital and electricity for low-skilled labor. 28 Since electricity is basically non-traded (especially over the period considered), we are thus led to the conjecture that at least one type of the substitution of intermediate inputs for low-skilled labor was a purely domestic phenomenon.
This reasoning is -admittedly-somewhat speculative. More precise statements on the role of trade in the substitution of intermediates for low-skilled labor are impossible to derive from our analysis.
IV. Conclusions
This paper has examined the determinants of functional income distribution in West Germany over the period 1976-1994. Our approach was to estimate a complete system of factor share equations for low-skilled labor, high-skilled labor, capital, energy, and materials, taking account of biased technological progress and increasing trade-orientation.
Our basic conclusions with respect to the roles of trade and technology are that the shares of capital and high-skilled labor benefit from biased technological progress, whereas the share of low-skilled labor is adversely affected by technological progress. The effect of technology bias on the two labor shares is enhanced by substitution of intermediate inputs for low-skilled labor, which is almost absent in the case of high-skilled labor. To the extent that this substitution involves imported intermediates, increased openness hurts low-skilled labor. Tradeinduced changes in the composition of aggregate output tend to mitigate these effects, due to the relatively favorable export performance of low-skill intensive industries. The latter, in turn, is explicable by non-neutral technological progress and the increasing use of intermediates enhancing the competitiveness of lowskill intensive industries.
From a methodological point of view, our inclusion of the complete set of inputs proved to be rewarding as it allowed to separate the effect of substitution processes from trade-induced structural change. Since the latter influence turned out to have a positive impact on the income share of low-skilled labor, trade seems to have hurt low-skilled labor mainly via the substitution of imported intermediates for low-skilled labor. The extent to which this was the case is difficult to quantify. However, the overall contribution of trade to the year-to-year-variation in the factor shares of the primary inputs is small and vastly dominated by the contribution of biased technological progress.
